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1. INTRODUCTION 

The Scope of this document is to provide a Terms of Reference for structural report for 

recommended immediate actions, recommended retrofitting Works and Monitoring for:  

 Retaining walls between Buendia and Ayala and portion of retaining walls after Ayala 

 Ayala tunnel and approach retaining structures. 

Both of the above-mentioned structures are presenting basically very similar issues of the retaining 

walls between Buendia and Ayala. 

2. DESCRIPTION OF MRT3 STRUCTURES 

The MRT3 alignment is ideally divided as the following parts: 

 viaduct with prestressed AASHTO beams; 

 ballasted filled between retaining walls; 

 depressed area between Buendia and Ayala station confined by anchored panels and 

anchored retaining wall; 

 artificial tunnel (Ayala Tunnel); 

 long span steel arc bridge (Guadalupe Bridge). 

Drawings and reports are filed in Depot archives (DOTr – MRT3) in hard copy. 

During the inspection in the archives, it was not possible to find any commissioning documents. 

 

2.1 VIADUCT SECTION  

The viaduct sections are made by post-tensioned or pretensioned precast girders (PSCG) with cast 
in place diaphragms and deck slabs. 

The beams are resting on elastomeric bearing pads which are provided for the proper installation 

of the girders during construction and allow relative rotation between the deck and substructure. 
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Vertical dowels connecting the end diaphragms with the pier copings and the shear keys will 

guarantee that the superstructure is properly connected to the substructures under the effects of 

the longitudinal and transversal seismic forces. 

The bridge has expansion joints at least every two spans to allow for longitudinal contraction and 

expansion due to rise and fall of temperature. 

 

 

Transversal section 

 

Plan 

 

Post tensioned parabolic cables 
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Picture 1 

 

Picture 2 

 

The beams are supported according with the restraints given by the urban situation in one of the 

following ways: 

 Concrete columns with cantilever capping beams. 

 Portals in different configuration. (1, or 2 spans). 

 Abutments. 

The bridges are found with cast in situ bored piles. 

 

There are walkways on each side of the transversal section with steel parapets and railing 

Drainage pits are positioned in the middle of the deck. 

Landscape areas are connected using drainage pipes over the piers and drained to the system 

below the bridge. 

Rails are connected with the decks by reinforced concrete plinths that allow transversal super 

elevation in curve, and vertical alignment as well. 

 

2.2  BALLASTED SECTION 

The part in fill is over ballast and confined by reinforced concrete retaining walls. 
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2.3 DEPRESSED AREA BETWEEN BUENDIA AND AYALA STATION 

The ideal depressed area starts from Buendia through some meters past after Ayala Station:  

approximately between Buendia (Gil Puyat) Station (Km 26+870) up to the portion after Ayala 

Station (Km 27+950) on the MRT3 line. 
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The earth retaining structures are: 

 retaining walls. 

 anchored retaining walls. 

 panels. 

 anchored panels. 
 

As mentioned before the as-built drawings found are only referring to the first portion from km 27+000 
until 27+042. 
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Picture 1 

 

Picture 2 

 

 

2.4 BUENDIA/KALAYAAN TUNNEL (AYALA TUNNEL) 

Ayala tunnel is an artificial tunnel approximately from km 26+196 to km 26+723. 

As built drawings and reports for Buendia/KalayaanTunnel are missing in DOTr – MRT3archives. 
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3. OVERVIEW 

Based on  the chemical and ASR tests conducted for RETAINING WALLS AND AYALA TUNNEL 

it was clearly found out that both Retaining Walls and Ayala Tunnel are badly affected by ALKALI-

SILICA REACTIONS that are badly affecting the concrete with cracks. 

Please be noted that the structural stability is highly in danger as the concrete  can collapse with 

unpredictable events due to the big damages provided by ASR and its deep cracks. 

As such, urgent retrofitting works such as the following are highly recommended to be conducted 

for the safety of the said MRT3 structures: 

 Repair the cracks on the retaining walls and Ayala tunnel 

 Stop the progress of the ASR with chemical products. 

 

4.  ALKALI SILICA TEST AND CHEMICAL TEST 

Retaining walls were subjected in the month of June 2021 to structural tests for 

 Alkali Silicate Reaction test. 

 Chemical tests. 

 

 

 

4.1 ALKALI SILICA REACTION TESTS 

The alkali–silica reaction (ASR), more commonly known as "concrete cancer", is a swelling reaction 

that occurs over time in concrete between the highly alkaline cement paste and the reactive non-

crystalline (amorphous) silica found in many common aggregates, given sufficient moisture. 

https://en.wikipedia.org/wiki/Concrete
https://en.wikipedia.org/wiki/Portland_cement
https://en.wikipedia.org/wiki/Amorphous
https://en.wikipedia.org/wiki/Silica
https://en.wikipedia.org/wiki/Construction_aggregate
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This reaction causes the expansion of the altered aggregate by the formation of a soluble and 
viscous gel of sodium silicate. This hygroscopic gel swells and increases in volume when absorbing 
water: it applies an expansive pressure inside the siliceous aggregate, causing spalling and loss of 
strength of the concrete, finally leading to its failure.  

ASR can lead to serious cracking in concrete, resulting in critical structural problems that can even 
force the demolition of a particular structure. 

They appear like cracks having shown in the following image 

 

Characteristic crack pattern associated with the alkali–silica reaction Note the typical fatty aspect of the silica gel exudations imbibing 

the concrete surface along the two sides of the cracks. 

Over MRT3 structures cracks are clearly showing Alkali Silica Reactions problems. 

 

 

Top view 

 

Alkali-silica reaction - Anchors corroded 

https://en.wikipedia.org/wiki/Gel
https://en.wikipedia.org/wiki/Sodium_silicate
https://en.wikipedia.org/wiki/Hygroscopy
https://en.wikipedia.org/wiki/Silicon_dioxide
https://en.wikipedia.org/wiki/Spalling
https://en.wikipedia.org/wiki/Demolition


12 
 

Alkali-Silica reaction Alkali-silica reacont- Anchors corroded 

 

The scope of the tests was to identify if: 

 Alkali-Silica Reaction already occurred or no: if it is already at an advanced stage or completed 
(ASTM C1260). In this case it is important to check the depth of the cracks and if it is possible 
to find remedial works instead of demolishing the structures. 

 Alkali Silica Reaction is still ongoing:  In this case it is important to use chemical products to 

stop the reaction (I.e., Lithium nitrite modifier to concrete surface), or remove the moisture from 

concrete blocks (Vapor Permeable sealer). Any remedial works will work until the reaction has 

not been completed.  

 

The following tests have been conducted 

 ASTM C227: “Test Method for Potential Alkali Reactivity of Cement-Aggregate Combinations 
(Mortar-Bar Method)” 

 ASTM C289: "Standard Test Method for Potential Alkali-Silica Reactivity of Aggregates (Chemical 
Method)" 

 ASTM C295: “Guide for Petrographic Examination of Aggregate for Concrete” 

 ASTM C1260: “Test Method for Potential Reactivity of Aggregates (Mortar-Bar-Test)”. It is a rapid 
test of aggregates: immersion of mortar bars in NaOH 1 M at 80 °C for 14 days used to quickly 
identify highly reactive aggregates or quasi non-reactive aggregates. Beside an elevated 
temperature, the C1260 method also involves the use of a large quantity/inventory of NaOH in the 
solution in which the mortar bar is immersed. A large pool of OH– anions is thus available to 
diffuse inside the mortar bar to dissolve silica present in aggregates. Consequently, this test is 
very severe and may exclude valuable aggregates. In case of non-decisive results, the long-term 
ASTM C1293 test method must be used for a final screening. The main advantage of the ASTM 
C1260 test is that it allows to quickly identify extreme cases: very insensitive or very reactive 
aggregates. 

 ASTM C1293: “Test Method for Concrete Aggregates by Determination of Length Change of 
Concrete Due to Alkali-Silica Reaction”. It is a long-term confirmation test (1 or 2 years) at 38 °C 
in a water-saturated moist atmosphere (inside a thermostatic oven) with concrete prisms 
containing the aggregates to be characterized mixed with a high-alkali cement specially selected 
to induce ASR. The concrete prisms are not directly immersed in an alkaline solution but wrapped 
with moist tissues and tightly packed inside a water-tight plastic foil. 

 ASTM C1567: "Standard Test Method for Determining the Potential Alkali-Silica Reactivity of 
Combinations of Cementitious Materials and Aggregate (Accelerated Mortar-Bar Method)" 
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4.2 CHEMICAL TEST ON CONCRETE 

Concrete over MRT3 structures and specially in Ayala Tunnel appears severely affected by 

Chemical Agents 

Considering there are 2 roads running parallel to the tunnel it is possible that there are sewerages 

losses of black waters through MRT3 structures. 

 

 

Wall deformation  

 

Efflorescences of vertical walls 

Lost of plaster 
 

Efflorescences from the top slab 

For the above reason the following chemical tests have been conducted on concrete. 

Concrete, petrographic analysis                                                                                                                        
with preparation of the thin cross section and study under a polarizing microscope in transmitted light, 
complete with photographic documentation according to ASTM C856-17. 
Accredit accredited test 
Cost for single test " 

Complete analysis of soluble salts 
Dosage of soluble salts by conductometric and spectrophotometric measurements in liquid phase with 
preparation of the solution and determination of the anions and cations in solution: chlorides, fluorides, 
nitrates, nitrites, sulphates 
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Analysis of magnesium 
analysis of magnesium cations by ion chromatography randomly" 

Diffractometric analysis 
XRD diffractometric analysis for the recognition of crystalline phases randomly 

FTIR analysis 
Infrared spectrophotometric analysis FTIR for the identification of possible organic substances " 

Chlorine ion penetration profile 
Determination of the anions: Cl- on 4 portions (at increasing depth) of concrete obtained from carrot 
supplied by you, according to UNI EN 16455: 2014 
randomly" 

SEM-Eds analysis 
SEM-Eds morphological analysis for the search, for example, of expansive phases related to Brucite 

Analysis according to ASTM C1260 to identify the potential for reactivity to alkalis 
 14-day test at 80 ° C with immersion of the sample in a NaOH solution to identify the potential for 
reactivity to alkalis randomly" 

"Fluorescence analysis 
Elemental chemical analysis in fluorescence to help characterize the chemical composition of 
concrete " 
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5. TEST RESULTS 

For a detailed description of test results please refer to the document provided by 4EMME 

consultant 

 RETAINING WALLS BETWEEN BUENDIA AND AYALA TUNNEL Diagnostic analysis for 
the characterization of concrete deterioration 

 

Here below a summary of main results 

5.1 PETROGRAPHIC AND MINERALOGICAL ANALYSES 

The stratigraphy of the analyzed samples are as follows: 

 Concrete casting: (depth of the cores: 24 – 36 cm); 

 Layer of fine-grained cementitious mortar of variable thickness (in samples 3, 7, 9, 10, 12, and 
16). 

 

The petrographic and diffractometric (XRD) analyses showed that the concrete of the different 

cores has a similar composition. The concrete is made up of a well-graded crushed rock 

aggregate, mainly composed of volcanic silicate rocks, with granulometry up to 25–40 mm, 

mixed with Portland cement in a proportion of 3/1. Porosity varies from 7 to 16%. Some 

samples show the presence of mineral additions: pulverized fly ashes (PFA) were identified in 

samples 2, 3, 4, 6, 7, 12, 13, 16. 

Petrographic observations related to the deterioration 

 The following features, related to the deterioration mechanism, were observed in the analyzed 
samples; 

 Cracking: all samples appear to be affected by some degree of internal cracking; 

 The cracking pattern range from isolated microcracks, originating from aggregates but not 
propagating far into surrounding cement matrix, to an interconnecting system of ASR gel-filled 
cracks that link reaction site (Figure 1a), usually with much internal aggregate cracking; 

 Most cracks in the inner part of the cores appear to be small and parallel to the surface (see 
for example (Figure 1b); 

 In the outer part of the core, when presents, cracks are larger and perpendicular to the core 
surface (e.g., Figure 1c); 

 This cracking pattern is observed in concrete affected by internal extension as a result of ASR 

(see Figure 1d). 

 



16 
 

 

Figure 1: Gel-filled crack (red arrow) connecting two reactive particles; b) cracks parallel to the external 

surface (on the left in the photo), sample 5; c) cracks perpendicular to the external surface (to the left in 

the photo), sample 13; d) Idealized sketch of cracking pattern in concrete mass affected by internal 

expansion as a result of ASR (from Walker et al. 2006, Petrographic methods of examining hardened 

concrete: a petrographic manual). 

 Aggregate particles involved in the deterioration process: most samples show aggregate 

particles with reaction rims. In particular, some aggregate particles (fragments of 

intermediate/acid porphyritic volcanic rocks) appear corroded and sometimes almost 

completely replaced by white reaction products (Figure 2). 

 

 

Figure 2: corroded aggregate particles (volcanic rock fragments) seen at the stereomicroscope (a, 

sample 1) and under crossed polarized light (b, sample 11). 

a  

  

a  
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 Presence of reaction products: ASR gel has been observed in cracks, usually colorless to 

brownish and exhibiting slight birefringence in thin section (Figure 3) and filling macroscopic 

pores (Figure 3). 

 

 

Figure 3: ASR reaction products as seen in thin section (a, sample 1) ana macroscopically (b, 

sample 1). 

 These features are present at variable degrees in the samples (see Test Reports). 

 

5.2 COMMENT ON THE POTENTIAL REACTIVITY OF THE AGGREGATE 

The aggregate, in all the analyzed cores, is mainly made up of fragments of volcanic silicate 

rocks, with minor fragments of low-grade silicate metamorphic rocks, feldspars and amphiboles. 

The vitreous ground mass, a potentially alkali reactive phase, is observed in the fragments of 

intermediate/acid porphyritic volcanic rocks and is present to varying degrees in the 

analyzed concrete, but always in significant proportion (between 10 and 20%). 

The detection of these mineralogical phases in an aggregate for which no information on local 

use is available involves the classification of the aggregate as potentially reactive (class PR). 

Based on the observed deterioration features and on the composition of the concrete as 

characterized by means of petrographic and mineralogical methods, the main deterioration 

process is affecting the concrete can be ascribed to the alkali-silica reaction (ASR). 

 

5.3 CHEMICAL AND PHYSICAL ANALYSES 

The chemical and physical analyses carried out on the samples confirm the existence of 

deterioration phenomena related to the alkali-silica reaction. 

5.3.1 POTENTIAL ALKALI REACTIVITY ACCORDING TO ASTM C1260 

Values above the risk threshold for the potential reactivity to alkalis of the aggregate (0.10% 

average length change, red line in Fig. 4) were obtained for all the analyzed samples, with 

average length change values at 14 days between 0.21 and 0.49. 

 

a  
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Figure 4: Summary of the results of the ASTM C1260 test, as average length change of the samples 

(green lines). The threshold of 0,10% of average length change is in red. 

5.3.2 INFRARED SPECTROPHOTOMETRY µFTIR 

Infrared spectrometry analysis of the reactive granules showed the presence of amorphous 

silica, referable to potentially reactive components in the aggregate or to alkali-silica reaction 

products (i.e., gel, samples 4, 7, 10, 11, 12, 14, 15, 16). 

 

5.4 COMMENT ON DETERIORATION AND RESIDUAL EXPANSION 

Based on the analytical results, the main deterioration process affecting the concrete can be 

ascribed to the alkali-silica reaction (ASR). 

In particular, the results of the ASTM C1260 expansion test (see above), suggest that the 

expansion of the concrete linked to ASR phenomena, with the consequent formation of 

surface cracks and exudations, may persist over time, with the continuation of unfavorable 

environmental conditions (high humidity). 

In the absence of a clear reference on the content of soluble sulphates and nitrates in hardened 

concrete, a general indication for wall structures from the WTA (Merkblatt 4-5-99/D) can be taken 

as a reference (See Table below). 

Contamination by soluble salts (WTA Merkblatt 4-5-99/D) 

 
Percentage by weight of soluble anions 

Sulphates Nitrates Chloride 

Low < 0,80 < 0,12 < 0,30 

Medium 0,80–1,60 0,12–0,50 0,30–0,80 

High > 1,60 > 0,50 > 0,80 

 

Chloride ion contents are generally low in all the analysed samples. Sulphates values are low 

except for samples 1 and 3 (medium). Nitrates values are low in all analysed samples. 

Therefore, the measured values of soluble salts do not indicate the presence of a chemical attack 

in progress on the analysed concrete cores. 

It is advisable to carry out chromatographic and diffractometric analyses on small samples 

taken in areas with evident phenomena of alterations such as flaking and efflorescence; it 

is recommended to monitor the situation several times a year. 
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6.  OVERALL VIEWS FOR RETAINING WALLS BETWEEN 

BUENDIA AND AYALA AND AYALA TUNNEL. 

For all the above reasons and based on the chemical and ASR test conducted for RETAINNG 

WALLS AND AYALA TUNNEL it was clearly found out that both Retaining Walls and Ayala Tunnel 

are severely affected by ALKALI-SILICA REACTIONS that are affecting the concrete with cracks. 

Please be noted that the structural stability is highly in danger as the concrete can collapse 

with unpredictable events due to the big damages provided by ASR reaction and its deep 

cracks. 

As such, urgent retrofitting works such as the following are highly recommended to be 

conducted for the safety of the said MRT3 structures: 

 Repair the cracks on the retaining walls and Ayala tunnel. 

 Stop the progress of the ASR reaction with chemical products. 
 

The main consequences that could happen if no repair activities are conducted are described 

below: 

 Unpredictable collapse of the retaining walls with damages to persons and properties inside 
and outside the MRT3 premises; 

 Increase in width of cracks with progressive deterioration of concrete and structures;  
 Stoppage of MRT3 operation as the condition of the concrete is progressively deteriorating; 
 Damages to adjacent structures and highways such as roads and highways of DPWH, 

MMDA or water concessionaire utilities (such as Manila Water Company, Inc., etc.) for their 
lines (storm drainage, sewerage, waterline) that are close to the MRT3 structures. 

 

The summary is in the following: 

 RETAINING WALLS BETWEEN BUENDIA TO AYALA AND AYALA TUNNEL 
(BUENDIA/KALAYAAN) are in critical conditions and urgent actions need to be 
implemented. 

 

Heavy rains or earthquakes, or the simple earth pressure and live load due to traffic 

can cause the collapse of the structures with dramatic consequences for people safety.  

Currently many as built and structural drawings are missing in the archives and it is not 

possible to know the exact geometry and structural information about those structures (i.e., 

amount of reinforcement, length of anchors, diameter of anchors, embedded part of 

diaphragms, thickness of the structures, depth of cover etc.). 

The main problems on those retaining structures and tunnel are the followings: 

RETAINING WALLS: 

 Many big cracks on concrete: those cracks are structural cracks and are mainly due to ASR 
reaction that is still ongoing and expanding; 

 Anchors are highly corroded: the failure of those will cause the collapse of all the retaining 
structures; 

 Grease is missing on the anchors and the cover protection is broken. Grease and covers 
have the function to protect the anchors against the corrosion. It means the corrosion on 
those anchors could be at very high level; 

 Steel plates of the anchors are corroded; 

 Many anchors are missing of the steel plates. It means that the anchors cannot work 
properly; 
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 Holes for drainage missing over the walls: the water can increase the pressure on the back 
of retaining wall when raining and will cause the collapse of the structures. At the same time 
the water is one of the most important elements that contribute to ASR reaction; 

 Different parts of the retaining walls lost the verticality. It can be due to construction issues 
or due to earth pressure at the back.  

 

AYALA TUNNEL: 

 Many big cracks on concrete: those cracks are structural cracks and are mainly due to ASR 
reaction that is still ongoing and expanding; 

 Anchors highly corroded: the failure of those will cause the collapse of all the retaining 
structures; 

 Grease is missing on the anchors and the cover protection is broken. Grease and covers have 
the function to protect the anchors against the corrosion. It means the corrosion on those 
anchors could be at very high level; 

 Some panels inside the tunnel are deformed it could be due to construction problems or due 
to the pressure of the soil;  

 In many portions, the concrete is badly affected possibly by water and by chemical agents 
perhaps coming from sewerages over adjacent roads. 

 In many points, plasters are badly missing. It could be due to construction issues or because 
it was damaged. For this reason, the external surface of the panels is not smooth but badly 
rough. 

 

 

7. ZONES TO BE RETROFITTED 

In consideration with the DOTr-MRT3 limited resources, retaining walls between Ayala and 

Buendia Station must be prioritized wherein different areas where categorized based on its 

urgency: 

1) PRIORITY 1: HIGH PRIORITY  

2) PRIORITY 2: MEDIUM PRIORITY 

3) PRIORITY 3: LOW PRIORITY 

Moreover, the areas specified for priority 1 were also listed as follows: 

 Panels NORTH BOUND from km 24+469 to beginning of AYALA STATION 

 Panels SOUTH BOUND from km 24+469 to beginning of AYALA STATION 
 

 Panels NORTH BOUND from AYALA STATION to km 27+900 

 Panels SOUTH BOUND from AYALA STATION to km 27+900 
 

It is intended that in a second phase, all the other retrofitting works will be finalized as soon as 

possible as continuous phase of the emergency Phase 1. 

For priority areas see ANNEXES. 
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PRIORITY 1: HIGH PRIORITY ZONES 
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PRIORITY 1: HIGH PRIORITY ZONES 

 

8. MAIN SCOPE OF RETROFITTING WORKS 

Main scope of the urgent retrofitting will be resumed in the following: 

 Warranty the safety of MRT3 structures. 

 Repair the cracks on the retaining walls due to ASR reaction. 

 Stop the progress of the ASR reaction with chemical products. 

 Retrofit and refurbish the existing structures using prequalified and pre-tested shot-crete 

 Provide an effective drainage system. 

 Avoid interrupting railway traffic: works will be conducted on nightshift or during non-operating 

time of the railways (i.e., Holy week shutdown or similar). 

 Submit Feasibility Study to be approved by DOTr-MRT3 

 Submit Detailed Design to be approved by DOTr-MRT3 

 Submit Shop Drawing to be approved by DOTr-MRT3 

 Submit preliminary Technical Specs and Bill of Quantity. 

 Submit detailed Technical Specs and Bill of Quantity. 

 Conduct Site Supervision. 

 Submit preliminary and detailed Safety plan. 

 Safety supervision on site. 
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 Monitoring of works to evaluate the effectiveness of repair works after completion. 

 Conduct test on the materials. 

 Prequalify the shot-crete before pouring. 
 
 

Contractor will study and submit alternative solution for remedial works shortly described below: 

 Removal of damaging water from the walls 

 Realization of core and drainage systems to remove the water from the retaining walls  

 Injection to stop the water leakages with efflorescence  

 Water repellant products for concrete 

 Chemical treatments against ASR. 

 Removal of cracked deteriorated concrete up to the reinforcement. 

 Rebars treatments and refurbishment. 

 Concrete restoration using shot-crete. 

 Anchors treatments and refurbishing 

 Anchors block treatment and refurbishing. 

Eventually contractor can propose and evaluate the possibility of following: 

 Build an additional beam to connect all the anchors along the same alignment; 

 Erect an additional structure in front of the existing one and connected to that; 

 Demolishing and rebuilding the structures. 
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9. DESCRIPTION OF REPAIRAL WORKS 

9.1 CONCRETE RESTORATION 

The cracked concrete affected by ASR reaction will be removed up to the internal reinforcement 
for 10 to12 cm of cover. 

 

 
 

The sequence of works are as follows: 

 STEP 1: Remove the affected cover and expose the rebars (10-12 cm average) 

 STEP 2: Remove the rusted part of rebars if any. 

 STEP 3: Use primer for rebars protection (Sika Monotop 610 or similar) 

 STEP 3a: If rebars are excessively corroded, new rebars will be welded to the existing 
ones. 

 STEP 4: Paint with Lithium product for ASR treatment. 

 STEP 5: Install bonding agent/admixture for Portland-cement mortar/concrete to connect 
new mortar with existing concrete. 

 STEP 6:  Install strain gauges (where necessary). 

 STEP 7: Spray Shotcrete* 10-cm    f’c=40 Mpa. In the middle install F6 150X150 mm 

welded net. 

 STEP 8: Provide hydraulic holes without damaging the rebars. 

 STEP 9: Protect the concrete against chemical attacks and use of water repellent 
products. 

 
NOTE:  

 contractor can submit alternative equivalent product, subject for review and certification that 

intended results will be similar or better from the one mentioned in this TOR. 

* Shotcrete can also be with fiber reinforced polymers. In such case, the welded net can be avoided. 
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9.1.1 CONCRETE      RESTORATION AND REBARS REFUBISHMENT  

Contractor will start with surface demolition of the cover with 

hammer up to the rebars. Once the concrete cover is removed,  

proceed with surface preparation   with hydro washing as described 

above. Rebars will be  carefully cleaned from any corrosion to 

expose the condition of “white metal”. It can be done by brushing, 

mechanical cleaning, sandblasting, or hydro-sandblasting, etc. Any 

missing parts of rebars or heavily damaged by corrosive phenomena 

must be reported promptly to DOTr-MRT3 supervisor with: 

 Report 
 Pictures 
 Position 

The surfaces will then be rinsed with clean water 

 

Apart from the methodology used for surface preparation (by brushing, 

mechanical, hydro scarification, sandblasting) it must be clean, free from 

dust, oils, greases and from any weak parts.  

Contractor will remove all the debris on site keeping the site always 

clean. No debris must be left on the railways on day shift during rail 

operation. 

The debris will be transported to authorized dump with certificates. 

Certificates must be submitted to DOTr-MRT3. 
 

The demolitions must be carried out with order from the top level to the bottom level and needs to 

be carried on with all the necessary precautions in order to prevent any injury to the staff, strictly 

avoiding the materials be thrown from above and must be transported or guided from the top side 

of the structures to the bottom level. 

Contractor shall submit a demolition plan to be approved by DOTr-MRT3. 

In addition, the contractor must provide, at its cares and expenses, to adopt all the technical 

measures in order not to damage the underlying structures and the properties of third parties. 

The Contractor will be responsible for all damages incurred due to the poor conduct of demolition 

operations which could cause harm to people, works and objects, including third parties. 

For demolitions to be carried out on the railway the contractor must take all the precautions to avoid 

any possible damages to users and also agree with DOTr-MRT3, through the site supervisor, any 

traffic restrictions that may occur at night shift and on specific days. 

Protection nets shall be installed to avoid debris or dust to cascade on tracks that can affect the 

rails. 

Areas below the demolition zones must be prohibited from the transit of persons, delimiting the 

area itself with special barriers. 

To ensure the connection of the shotcrete with the existing surface it will be properly roughed and 

shaped to maximize the grip. 
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Contractor will propose his roughing design and shape to be approved by DOTr-MRT3. 

A solution in roughing existing concrete to warranty connection of new shot-crete,  refer to the 

proposed image shown below: 

 

Surface preparation for grip warranty 

 

 

 

9.1.2 REBARS PROTECTION    

Once concrete demolition has been finished and rebars are exposed and cleaned by any corrosion, 

Contractor can proceed to rebar refurbishing and protections. 

Rebar protection against corrosion will be done using one-component cement grout containing 

silica fumes, polymer-modified, anti-corrosion protection for reinforcements, type  Sika  Monotop®-

610 New or equivalent 

Application: 
 

To ensure a complete impregnation of the rebars,  surface in some places can be made irregular 

by the mechanical preparation processes. 

Protection product will be applied with a brush taking  care to put the mixture directly on the rebars, 

rather than spray.  
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The treatment should be applied in at least two coats, 0.5 mm thick each, applying  the next one 

as soon as the previous layer  has developed a sufficient degree of hardening (depending on 

weather  and  temperature conditions). Wait for the complete hardening of the product before 

applying  the subsequent processing. 

 

Rebar protection 

9.1.3 INSTALLATION OF ADDITIONAL REBARS 

If existing rebars are excessively corroded and where necessary, additional rebars will be 

installed. Particular care must be taken to anchor the new rebars and the existing ones. 

New rebars will be added in addition to the existing ones. 

New rebars shall have the same diameter and resistance class of the existing rebars. 

Weldings will be done by certified patented welder. 

Welding will be done according to the following scheme or to the scheme provided by DOTr-
MRT3. 

See ANNEXES for detailed technical specifications of new rebars. 

 
Excessive rebar corrosion 

 
Scheme for rebar welding 

 



28 
 

 

 

9.2  ASR CHEMICAL TREATMENT 

After the rebar treatments, Contractor can start with Alkali Silicate treatments. 

Stated herein that Alkali Silica Reaction is still ongoing and is also inside the deepest  part of 

concrete, contractor shall check  if it is possible to find remedial works instead of demolishing the 

structures. 

Remedial works to stop Alkali Silica reactions will consist  of application of chemical  such as 

Lithium nitrite modifier to concrete surface  and  removal of  moisture from concrete blocks (Vapor 

Permeable sealer).  

below is the description of repair method: 

 Apply Lithium nitrite modifier to the concrete surface. Furthermore, combination with the 

Lithium Silicate Modifier material increases the suppression effect. 

 

 
Solution lithium nitrite modifier. 

The treatment will be done on the rough surface of concrete as soon as the demolition of existing 

cover is completed and before starting of refurbishing concrete with shot-crete 

The procedure will be the following: 

 

1) Surface preparation  

Cleaning: Remove the weak part of concrete by disc sander. Thoroughly clean the 

debris and wash the surface with high pressure blast machine.  

2) Primary coating:  Coating 0.3 Kg/m2 of 40% water soluble Lithium Nitrite by brush 

roller and impregnate. When concrete absorbs liquid, apply specified amount 

separately 

3) Interval: Ensure that the coated surface has been dried thoroughly: surface water 

content 8% or less) then proceed with the next step. 

4) Pre-Watering sprinkle water on the concrete surface to dampen the surface. If it 

dries immediately, it will spray and kept wet. 

5) Second coating: Coat  0.1 Kg/m2 of Lithium Silicate Modifier material by spray, 

brush or roller) ensuring that the applied coat is even. 

6) Cleaning: wash the surface with flowing water while brushing to remove the 

remaining materials (Lithium Silicate Modifier)  remain on the surface. 

7) Injection: cracks should be repaired by Epoxy Injection. 

8)  Completed  
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9.2.1 BONDING PRODUCTS 

Once completed, the Contractor shall ensure that there are no chemical and bonding problems 

with the mentioned Alkali Silicate treatments, Contractor shall start installing bonding products on 

the roughened concrete surface. 

Bonding products ensures connection of new shotcrete to the existing walls. 

Surface preparation  

Applying Concrete/Mortar: Remove all deteriorated concrete, dirt, oil, grease, and all bond-

inhibiting materials from surface. Ensure that repair is not less than 1/8 in. (3.2 mm) in depth. 

Preparation work shall be done with high pressure water blast, scabbler, or other appropriate 

mechanical means to obtain an aggregate fractured surface with a minimum surface profile of 1/16 

in. (1.6 mm). Saturate surface with clean water. Substrate should be saturated surface dry (SSD) 

with no standing water during application.  

Bonding product will be applied according to the produced technical datasheet. 

 

9.2.2  CONCRETE REPAIR AND RECONSTRUCTION SHOT-CRETE 

Restoration of concrete will be done by spraying shot-crete of the same thickness with the removed 

portion of concrete. 

Shot-crete belongs to the family of special concretes which is derived from the German term "spritz- 

Beton" or "shotcrete" and can be defined as cement conglomerate addressed at high speed on a 
surface. 
Unlike traditional concrete laid on site by throwing into formwork and subsequently subjected to 

vibration for expulsion of excess air aimed at increasing the mechanical strength of concrete, for the 
projected concrete, the installation and compaction take place with a single operation. 
The compaction for these conglomerates, in fact, is carried out by the speed of the impact of the 
conglomerate against the walls of the concrete structure to be repaired. 
 
These conglomerates must have an instantaneous grip ("flash set") which is obtained by the addition 
of accelerating additives. These additives become indispensable when the rapid development of 
mechanical strength is necessary for executive reasons or when you need to increase productivity 
by reducing waiting times for the hardening of a lower layer before the application of the next one. 
 
Compared to traditional concretes, the shot-crete has different specifications.  

Main specifications are: 

 maximum aggregate size: aggregates of maximum size not exceeding 8 ‐ 10 mm. This 

need arises from the fact that it is necessary to increase the fraction of cement paste to the 
detriment of the stone in order to reduce concrete scrap during projection against the walls 
of the excavation. 

 cement content: the minimum cement content must not be less than 450 kg/mc. 

 accelerants: accelerants must be alkali free to avoid ASR reaction. 

 silica fume:  use of silica fume to improve the mechanical performance of the concrete 
but above all to increase the cohesion of the concrete. Silica fume will improve the washing 
resistance and will avoid the rebound of the aggregates. 

 Concrete shall have silica fume to the extent of 5-7% on the cement mass (about 20‐30 

kg/mc). The use of fly ash instead of silica fume performs the same result with the projected 
concrete with silica fume however, the improvements were lower than those brought by 
silica fume. 

 Compressive resistance: mechanical compression strength required after 6h of 
pouring   must be higher than f’c> 4 MPa 
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Contractor can also propose shot-crete with reinforced fiberglass fibres inside. In this case the 

mechanical resistance will be higher, and the wire net inside can be omitted. 

Before spraying shot-crete an accurate scarification of the support will be performed by 

mechanical instruments to get an irregular roughness profile of 4 – 5 mm. which guarantees a 

perfect cohesion between support and mortar. 

All surfaces shall be properly washed and saturated by means of a pressure washer before 

application of concrete. 

Saturate the surfaces (avoiding surface stagnation of water) before applying the mortar, an 

imperfect saturation of the support could affect the adhesion between the support and the 

mortar and could affect the structure monolithically. 

Mix design must be as following  

Shotcrete (spritz-beton) of 10/ 12 mm thickness,  

 dosed with 500 kg of cement type 425,  

 0.6 m³ of sand,  

 0.4 m³ of gravel 5-10 mm  

 0.4 m³of 10-15 mm gravel 

 accelerant 5% of weight of cement alkali free 

 silica fume 25 Kg/mc 

 fly ashes  

 Clorure max 0.2  

 Slump S5 

 Compressive strength 32/40 MPa (minimum) 

 Environment exposition: XC4 + XD1 + XA2 (UNI 11104) 

 

Shotcrete will be sprayed in successive layers, with special compressed air spraying machines and 
equipped with a lance of variable and adjustable length depending on the distance from the work 
front, given in place in perfect workmanlike manner, even in presence of metal reinforcement, which 
will be accounted separately. 
Contractor is required to completely remove all the materials that did not connect during the casting 
and accumulated on the ground.  
 
All the exceeding products shall be transported to the authorized dumps. 
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Shotcrete is recommended to be sprayed for no more than 50 mm of thickness.  

In this case bounding products will be installed on the row surface before starting to spray the 

additional layers. 

Shotcrete preconstruction tests approved by DOTr-MRT3 will be conducted prior to application 

of shotcrete (See ANNEXES) 

For all detailed technical specifications refer to ANNEXES. 

Surface of shot-crete shall  be regularized. 

 

9.2.1 WELDED WIRE NET 

A welded wire net F6 160 150 mm will be installed in the middle of the shotcrete thickness   to avoid 

creaking of to the mortar material. 
The net will be placed overlapping with each other of at least 40 cm, 
Net must be connected to existing walls in a stable vertical position. 
Resistance of the materials must be in compliance with the National Philippine Code  
See ANNEXES for technical specifications. 

 

In case of use of fiber-reinforced shotcrete, Contractor can refrain from using the net if the 

resistance of the shotcrete allows. 
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9.2.2 CONCRETE PROTECTION WATER REPELLANT PRODUCTS 

After smoothing and rectifying the shotcrete surface, contractor can complete the concrete 

restoration using water repellant products. This is to ensure the durability of the repaired 

surfaces and to remove the water from ASR reaction process. 

The removal of water and blocking its entry from the concrete will contribute in stopping or 

decelerating the on-going ASR chemical reactions. 

A protection coating, with high capacity of waterproofing   impregnation and protection will be 

applied.  

The product must be a one-component low viscosity, solvent free, reactive impregnation for 
concrete and cementitious substrates based on silane with 99% active ingredient. 

the product must comply with the highest requirements of EN 1504-2 for hydrophobic 
Impregnation (penetration depth class II & resistance to freeze and thaw salt stresses) and must 
be suitable for use in hot and tropical climatic conditions 

It must be   particularly suitable for the protection of concrete structures in the marine 

environment;  designed and developed precisely for this type of aggressive setting. 

The main characteristic of the material must be the following:  

  Excellent penetration. 
  Fast uptake even on dense concrete. 
  Economic and easy to use. 
  Increases the resistance of concrete to freeze and thaw cycles and de-icing salts. 
  Reduce corrosion even in cracked concrete. 
  Retard corrosion initiation by reducing the available humidity at reinforcement bars level. 
  Mitigate corrosion by preventing further chloride to migrate on the reinforcement bars. 
  Comply with Dutch guidelines (RWS NEN-EN 1504-2) on CEM III 
  Resistant to sea water. 
  Ready to use. 

 

Substrate-pretreatment  

 

Free of dust, dirt, oil, efflorescence and existing paint coatings, salt deposits or any contaminants 

that may affect the penetration of the chemical. Cracks in concrete with width lower than 300 μm 

can be treated with the hydrophobic treatment at the normal consumption rate. If the crack widths 

are wider than 300 μm but lower than 750 μm, they can still be treated with the hydrophobic 

treatment but increase consumption shall apply to achieve a specific penetration depth according 

to the crack width sizes, refer to the Method State of statement for details. Crack widths wider than 

750 μm need to be repaired prior to the hydrophobic treatment. Cleaning is best done with suitable 

detergents, water jetting or by light blast cleaning or steam cleaning. Best results are obtained on 

dry, very absorbent sub-stratus. The substrate must look dry with no damp patches (surface 

humidity lower than 5 to 6 %). 

 

MIXING  

Product must be supplied ready for use and must not be diluted. 
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APPLICATION  

Product is applied using a low-pressure spray, brush, or roller, in a single pass from bottom up 

taking care not to let the product run. Apply subsequent coats either “wet on wet” or when the 

surface is fully dry. On horizontal application, avoid ponding on the surface. 

 

IMPORTANT CONSIDERATIONS  

 Best results are achieved when product is applied on 28 days old concrete - however, due 

to its high alkali resistance; it is still possible to apply it at a very early age. 

 It is advised to carry out preliminary application test to determine the consumption to be 

used in order to achieve the targeted penetration depth. 

 For corrosion mitigation, for ASR mitigation, it is recommended to achieve at least 5-

millimeter penetration depth. 

In any case refer to the latest Method Statement for detailed information regarding surface 

preparation, preliminary test, application method, etc. 

 

9.2.3 ANCHORS TREAMENTS 

As stated, all the anchors are highly corroded and rusted and needs refurbishment. 

Considering that the main cause of anchor corrosion and degradation is the infiltration of the water 

inside the holes where anchors are installed, the following activities shall be performed. 

 

 

First, the existing covers and plates shall be checked  in order to identify if the said materials are 

still able to warranty cable waterproofing. 

 

In this case the existing steel plates can be refurbished 

 If yes, refurbish the steel covers and plates 

 If no, new capping protections shall be installed with certified waterproof 

proprieties. 

 

 Visual inspection of the core will be done to check if the injection is affected by crack or 

damaged. 

 

9.2.4 REFURBISHING OF EXISTING STEEL PLATES 

 

 Remove the steel covers. 

 Remove the rust from the anchors with brushes on sand blasting. 

 Protect the cables against corrosion. 
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 Refurbish the steel covers and plates. 

 Refill the caps with grease. 

 

 

9.2.5 CONCRETE BLOCK ANCHORS TREATMENTS 

 

In the case of concrete block treatments, the concrete cover of existing blocks will be removed to 

expose the reinforcing bars. 

 The steel anchor will be refurbished, removing corroded parts 

 Rebar protection against corrosion will be done using one-component cement grout 

containing silica fumes, polymer-modified, anti-corrosion protection for reinforcements, 

type Sika  Monotop®-610 New or equivalent 

 New concrete blocks will be casted in place using form works 

 Concrete must be cast on site with anti-shrinkage products 

 The mortar needs to be done with no-reactive aggregates to ASR, utilizing certified quarries. 

If certified queries are not available ASR tests on aggregate will be performed. 

 A bonding agent must be used when pouring new batch of concrete to a subsequently 

hardened batch. 

 Concrete will have the following specs: 

 

 Resistance class of concrete f’c 35 Mpa 

 Slump S4 

 Maximum aggregate diameter d=20 mm 

 Minimum concrete cover matching the existing structure 

 Internal reinforcing bar diameter, spacing and class will be same as the existing 

structure. 

 

 

 

Concrete blocks 

Concrete blocks 
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For technical specification of Concrete see ANNEXES 

 

9.3 REMOVAL OF DAMAGING WATER FROM THE WALLS 

ASR reaction happens because of the combination of 3 factors. 

 Reactive aggregates, 

 Ph. 

 Water. 

 

 

For the above reasons, stated that:  

 It is not possible to change Ph, as it is given off by the cement 

 it is not possible to change the aggregates inside the concrete 

 but it is possible to reduce  the water inside the concrete 

For this purpose all the necessary systems to reduce the amount of water inside the wall will be 

put in place. 

The Contractor will  check this important aspect connected with possible water leakeages 

 Verify if the water is coming from a ground water table. 

Concrete blocks 
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 If the water is coming from meterological events (rains, storms etc) 

 If the water is coming from the roads which are parallel to the railway. 

 For this purpose the contractor must coordinate with DOTr-MRT3, DPWH, MMDA, and 

Manila Water advising any findings on possible water leakages coming out from the 

adjacent roads, service water pipes, sanitary pipes, etc., that are affecting the MRT3 

structures. 

 

 

9.3.1 REALIZATION OF CORE AND DRAINAGE SYSTEM TO REMOVE THE WATER 

FROM THE RETAINING WALLS 

In the perception that the water coming from the wall is only metherological water, a water drainage 
system will be realized. 
During the inspection it has been noted that all the retaining structures do not have weep holes. 
 
An accumulation of water on the soil face of the structures due to the absence of weep holes 
causes the following: 

 An increase of the hydrostatic pressure against the wall 

 ASR reaction 

For the above reasons new drilled holes with pvc pipes inside will be installed on the retaining walls 

The drainage pipe will be connected by vertical and longitudinal pipe to create a new drainage 

system. 

The water will be collected to the final recepient passing thorugh the existing pump station close to 

AYALA STATION. 

 

Drainage system to be realized 

New drainage system with 

 Drainage pvc pipe. 

 Vertical pvc pipes 

 Horizontal pvc pipes 
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Dranage hole 

The diameter of the pipe shoud not be less than 50 mm and the interaxes can be 300cm(both 
sides). 
A PVC pipe will be positioned inside the hole 
During the coring no vertcal and horizontal rebars will be cut 
For this purpose the wall will be scanned with pacometer to detect the position of the rebar. 

 

The holes will have a depth matching the wall tichkness +100cm inside the soil 

The pipes should be constructed acoordingly: 

 Water tight joints and connections 

 Properly mounted into the retaining structures 

 UVA resistant 

 

300 cm 

New drainage system with 

 Holes. 

 Vertical pvc pipes 

 Horizontal pvc pipes 

To the existing pump 

station. 
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ISSUE 
 

ACTION/RECOMMENDED WORKS 

No drainage pipes on the walls, 

 

 Create drainage pipes and proper 
drainage system including weep holes 
which are 300cm apart (on both sides) 
with PVC pipe and connecting ducts. 
 
 

 
300 cm 
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 Create drainage pipes and proper 
drainage system including weep holes 
which are 300cm apart (on both sides) 
with PVC pipe and connecting ducts. 

 

 

 

 Create drainage pipes and proper 
drainage system including weep holes 
which are 300cm apart (on both sides) 
with pvc pipe and connecting ducts. 

 

 

 Create drainage pipes and proper 
drainage system including weep holes 
which are 300cm apart (on both sides) 
with PVC pipe and connecting ducts. 
 

 

STORAGE, HANDLING, TRANSPORT, AND INSTALLATION OF PIPES  

The installation and testing of pipes must be carried out, as applicable, in accordance with the 

standard / guide UNI ENV 13801 : 2002 "Plastic pipe systems for drains (low and high temperature) 

inside the buildings - Thermoplastic materials - Recommended practice for installation".  

Storage, handling, and transport 

 During the handling and transport of the pipes, all necessary precautions must be taken to avoid 

damage; the pipes must not come into contact with sharp objects and when discharged, it must not 

be thrown, or dropped or dragged to the ground. The pipes must be stored on flat, clean surfaces 

and in neat stacks. The stack must be of such height as to avoid deformation and damage with 

particular attention to the glasses of the pipes.  

300 cm 

300 cm 

300 cm 

300 cm 

300 cm 
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 Installation  

For above-ground installations, dimensional variations will have to be taken into account. The pipes 

must be installed in such a way as to involve in the system the minimum possible effort due to 

expansions and contractions.  

Joints and connections 

For the joining of the pipes by gluing, the supplier's instructions must be followed, including the 

following:  

 If the pipes are cut on site, the cut must be perpendicular to the ends or compatible with 

the shape of the desired connection. 

 Ensure that the surfaces to be joined are clean and dry. 

 Apply the adhesive uniformly and in a longitudinal direction. 

 Proceed within the duration specified by the supplier, to the junction of the ends. 

 Remove adhesive residues. 

 Follow the curing time as specified by the supplier, to allow the adhesive to dry  

 Do not subject the pipe to internal pressure earlier than indicated curing time by the 

supplier. 

All drainage system must be properly checked and commisiond by the DOTr-MRT3 

representatives. 

 

9.3.2 RESIN INJECTION TO STOP WATER LEAKAGES WITH EFFOLORESCENCE 

FROM AYALA TUNNEL AND RETAINING WALLS  

 

Injection of resin is necessary if the crack on the concrete extends up to 10cm-12cm from the 

concrete cover to stop water infiltration. List of possible products to be used (or equivalent) are as 

follows: 

 Sika Injection 201CE: is a very low viscous, elastic and solvent-free polyurethane injection 

resin. In contact with water, a uniform, closed and therefore watertight pore structure forms, 

which is elastic and flexible. 

 Sika Injection 307: is a very low viscous, elastic polyacrylic injection resin with a versatile 

and adjustable reaction time 

 Sika Injection101 RC: to be pre-injected only if there is a water in pressure inside the soil. 

 

The presence of water in the soil requires the application of Sika Injection 101 RC and Sika 
Injection 201 CE (resin) respectively. However, if there is no water detected, resin injection can 

be used directly. 
 

9.3.3 WATER REPELLANT PRODUCTS FOR ASR REMEDIAL 

In addition to drainage pipe holes, the concrete will be subjected to hydrophobic treatment. 

The Contractor will evaluate 2 possible solutions: 

 SOLUTION 1:  Vapor permeable sealer. 

 SOLUTION 2: Hidrorepellant on concrete: hydrophobic polymere. 
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Vapor permeable sealer will not allow water to go in but it will allow Vapor to go out. 

 

 
 

 

 

 
  

 

 SOLUTION 2 Use of idrophobic polymeres. See description below. 
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10. METHODOLOGY 

The methodology for repairs will be the following: 

 

 Retaining walls  

 

 Elimination of degraded concrete  

 Removal of corrosion due to rust and 
passivation of rebars 

 Replacement of corroded rebars 

 Application of ASR treatment. 

 Installation of bonding products on 
existing surface 

 Reconstructions of retaining walls with 

shotcrete reinforced with welded net F 

6 150x150*. If shotcrete is to be used 
in multiple layers, bonding products will 
be installed as interface of each layer. 

 Waterproof protection 

 Construction of drainage/weep holes. 

 Restoration of the deteriorated steel 
anchors and concrete blocks 

 Construction of a new drainage system 
which is connected to the existing 
pump-station. 

 Protection of concrete 
*Weld net can be omitted if a fiber 

reinforced shotcrete (conferring to 
product specifications) is used. 
 

 

All the works related to demolition and retrofitting works should be no larger than 2.5 m (one panel) 
at a time, but can be done simultaneously, maintaining one panel apart.  

For the part without panels, the length of a demolition zone should not exceed 2.5 m and again the 
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demolition and retrofitting will be done on alternate zone. 

In the free zone between the panels, protective planks or formworks should be installed during the 
shotcrete spray to avoid the shotcrete to affect the adjacent roads. 

As a monitoring plan is ongoing, stoppage of all activities in the retaining wall should be observed 
if any unexpected movement is observed in the inclinometers until further notice from the DOTr-
MRT3 representatives. 

 

 

 

PHASE 1  

 

PHASE 2 
 

 

 

 

 

 

 

 

250 cm 

Protective planks 
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11. TESTS OVER MATERIALS 

The new material installed will be subjected to laboratory tests according to the Philippines National 

Codes. 

Basically, the tests will be over: 

 Compressive tests over concrete. 

 Slump tests for concrete. 

 Tensile tests for new rebars. 

 Shot-crete will be preliminary tested by Contractor before the installation on site regarding 

the mix design, additives, compression strength. 

 

Monitoring activities will have the scope to check if: 

 The Alkali silicate reaction has stopped after the chemical treatment 

 The there is no on-going movements of the structures 

For this purpose, several monitoring systems will be put in place; 

 MONITORING SYSTEM 1: Vibrating wires with strain gauges. 

 MONITORING SYSTEM 2: Inclinometer system : same system as the one already installed. 

 MONITORING SYSTEM 3: ASR TEST - After a year of the completion of the retrofitting 

works an ASR test will be conducted  to check if the reaction has stopped. 

 

11.1 MONITORING SYSTEM 1: VIBRATING WIRES WITH STRAIN GAUGES 

 
Vibrating wire strain gauges provide measurements of strain in steel or concrete structures. The 
measurements are used to calculate structural loads or stresses.  
Arc-weldable strain gauges are fixed to steel structures via weldable end-blocks. On concrete 
surfaces they can be installed by means of mounting blocks that include rebar-bolts.  
Embedment strain gauges are cast into concrete structures and are available also as “shot crete” 

model with adjustable tensioning collar. For high concrete pressure, e.g., in deep piles, an 

embedment strain gauge for deep applications is recommended. 

A tensioned wire, when plucked, vibrates at its resonant frequency. The square of this frequency  
is proportional to the strain in the wire.  
To make use of this principle, the vibrating wire strain gauge is designed to hold a wire in tension 
between two end blocks that are fixed to the structure. An electromagnetic coil assembly is used  
to pluck the wire and then to return a frequency signal to the readout units.  
Deformation of the structure changes the distance between the two end blocks, altering the  
tension of the wire and its resonant frequency. The returned signal is converted to units of micro 
strain. Gauges may be read up to 1000 meters away from their location.  
The strain gauge has a built-in thermistor to provide temperature data for detecting thermal effects 

if necessary. 

The purpose of the strain gauges is to monitor the internal stresses due to the ASR reaction. 

If the internal stresses increases, it means that ASR has not been stopped due to the chemical 

treatment, in this case, additional retrofitting works will be needed. 

However, if the internal stresses do not increase it indicates that the ASR has stopped due to 

chemical treatments. 
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The monitoring system will be automatic and continuous, directly provid the difference of tensions 

due to ASR reaction as strain gauges. 

Strain gauges will be equipped with a thermistor temperature sensor to monitor the temperature 

variations during the measurements. 

The realization of the wireless automatic monitoring system includes: 

• Preparation and calibration of the instruments 
• On-site installation. 
• Rental for at least 12 months. 
• Programmable automatic data acquisition and full-time interrogation remotely via GSM from p.c. 

with connection in a Service Center Server. 
• On-site uninstallation at the end of monitoring. 
• Technical report summarizing the data obtained during the months of detection: 1 each month. 

  

The systems will transmit continuously the information about the stresses of the structures. 

They will alert: 

• DOTr-MRT3, Engineering representative. 
• Service Center. 

 
If alert the threshold is reached, an alert will be sent to the representatives’ mobile phones as texts 

and calls. 

 

11.1.1 MONITORING LOCATION 

According to the map in ANNEXES the strain gauges will be positioned according to the following 

table. 
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 N.2 in height distribution for high priority and medium priority zones  

 N. 1 in height distribution for low priority zones. 

 

The real number of strain gages to be installed on Priority 1 ZONE of this TOR will be proportional 

to the real extension. 

 

11.2 MONITORING SYSTEM  2: INCLINOMETER SYSTEM 

During retrofitting works, the Contractor can briefly uninstall the inclinometers and routers that were 

antecedently installed. After the restoration, the contractor must reinstall the similar system to be used for 

monitoring on the retrofitted retaining walls. 

 

11.3 MONITORING SYSTEM 3: ASR TESTS 

A year after the completion of the retrofitting works, ASR tests will be conducted on the retrofitted 

structures to check if the reaction has stopped. 

 

12. MATERIAL TESTING 

The material to be used will be subject to laboratory tests according to the Philippine National 

Codes. 

The following tests will be conducted: 

 Compressive tests and Slump tests for concrete. 

 Tensile tests for new rebars. 

 Test on the mix design, additives, and compression strength of the shotcrete before the 

installation on site. 

13. SCOPE OF WORKS OF CONTRACTOR 

To expedite the process, the tender will be in the form of Design and Build thus, eliminating the 

need for two different tenders (design and construction). 

PRIORITY RETAINING WALLS AND PANELS FROM TO m m

EACH 

PANEL/W

ALL

TOTAL

SOUTH BOUND 27630 27463 167

27900 27760 140

307 5% 15.35 2.5 6.14 2 12

NORTH BOUND 27630 27463 167

27900 27760 140

307 5% 15.35 2.5 6.14 2 12

TOTAL 1 52

SOUTH BOUND 27463 27126 337 5% 16.85 2.5 6.74 2 13

NORTHBOUND0 27463 27126 337 5% 16.85 2.5 6.74 2 13

TOTAL 2 27

SOUTH BOUND 27126 26880 246 5% 12.3 1 12.3 1 12

NORTHBOUND0 27126 26880 246 5% 12.3 1 12.3 1 12

TOTAL 3 25

 

TOTAL RETAINING WALL 103

AYALA TUNNEL

TUNNEL 26120 26670 550 5% 27.5 2.5 11 3 33

AYALA TUNNEL APPROACH PANELS 26670 26750 80 5% 4 3.5 1.142857 2 2

AYALA TUNNEL APPROACH RET. WALL 26000 26120 120 5% 6 4.5 1.333333 2 3

TOTAL AYALA TUNNEL 38

PRIORITY 1 HIGH 

PRIORITY 2: MEDIUM

PRIORITY 3: LOW

PRIORITY 2: MEDIUM
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 DESIGN AND BUILD ACTIVITIES 

 

 The contractor will submit a Feasibility Study and a Detailed Design and 

Construction based on the Terms of Reference and technical specifications 

provided. 

 The contractor will provide shop drawings and propose improvements to the 

TOR submitted by DOTr-MRT3. 

 The Contractor must provide the name of the firm and the pre-qualification 

documents at the time of the tender. 

 The Contractor can proceed with the Detailed Design after the approval of 

the DOTr of the Feasibility Study. 

 The Contractor can start the Construction Works after the Detailed Design 

is approved by the DOTr. 

 

 

SAFETY: The Contractor will be in charge of conducting safety supervision to warranty 

 safety on site.  

MONITORING: The Contractor will be in charge of installing and providing the monthly 

reports of the monitoring system n.1, n.2 and n.3. 

SITE SUPERVISION: A firm will be engaged for site supervision activities.  

 

 

  STEP 1: FEASIBILITY STUDY: A feasibility study will be conducted by the Contractor. The 

main documents of the feasibility study will include: 

 

 Calculation of the structures without retrofitting and basing on the shop drawings 

and results provided by Structural calculation. 

 Preliminary calculation of retrofitting works. 

 Preliminary drawings including plan profile, section for retrofitting works. 

 Technical specification for retrofitting works 

 Preliminary Bill of Quantity for retrofitting works. 

 Preliminary Market study: Contractor will conduct a preliminary market study based 

on the findings. 

 Preliminary safety plan. 

 

 STEP 2: DETAILED DESIGN: A detailed design will be conducted by the Contractor. The 

main documents of the feasibility study will include: 

 

 Calculation of the in-situ structures based on the shop drawings and results of the structural 

calculation furnished by the DOTr. 

 Preliminary calculation of retrofitting works. 

 Preliminary drawings, containing plan profile, and section for retrofitting works. 

 Technical specification for retrofitting works 

 Detailed Bill of Quantity for retrofitting works. 

 Detailed safety plan. 
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14. GANTT DIAGRAM 

The DOTr is proposing the following GANTT DIAGRAM: 

The contractor can propose an alternative Gantt Diagram to be approved by DOTr prior to the beginning of the activities. 
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15. ANNEXES 

 

15.1 ANNEX 1: SHOTCRETE TECHNICAL SPECIFICATIONS 
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15.2 ANNEX 2: REFORNCING STEEL AND WIRE ROPE 
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15.3 ANNEX 3 CONCRETE FOR ANCHOR BLOCKS 
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15.4 ANNEX 4: DRAINPIPES 
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Conforme: 

 

 

____________________________________________________ 

Signature over printed name of the authorized representative 

 

 

Date: 

 

_______________________
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15.5 ANNEX 5: PLANS WITH PRIORITY ZONES 
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